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ABSTILACT 



BACKGROUND 

Id eaiiy 2000, a proreiD-polysacchadde conjugate vaccine targeting seven pneumococ- 
cal serotypes was licensed in the United StaiEs for use in young children, 

METHODS 

We examined population-based data ftom the Actbe Bacterial Core Surveillance of the 
Centers for Disease Control and Prevention to evaluate changes in the burden of invasive 
disease, defined by Isolation of Strcptococcui jmeinnonwie from a normally sterile s ite. SerO' 
typing and suscepd'bilrty testing of isolates were performed. We assessed trends using 
data from seven geographic areas with continuous participation £tom 1998 through 
2001 (population, 16 million). 

The rate of invasive disease dropped from an average of243 cases per 100,000 persons 
in 1998 and 1999 to 17.3 per 100,000 in aOOl. The largest decline was m children under 
two years of age. In this group, the rate of disease was 69 pcrcentlower in 2001 dian the 
base-line rate (59,0 cases per 100,000 vs. 188.0 per 100,000, P<0-001); Che rate of dis- 
ease caused by vaccine and vaccine-related serotypes declined by 78 percent (P<0.001) 
and 50 percent (P<0-G01), respectively. Disease rates also fell for aduhs; as compared 
with base line, the rate of disease in 2001 was 32 percent lower for adults 20 to 39 years of 
age (7»G cases per 100,000 vs. 11,2 per 100»000, P<0-001)» 8 percentlov/er forthose 40 
CO 64 years of age (19.7 per 100,000 vs* 21.5 per 100,000, P=0.03), and 18 pcrcentlow- 
er for diose 65 years of age or more (49.5 per 100,000 vs. 60.1 per 100,000* P<0.001). 
The rate of disease caused by strains thatvvere not susceptible oo peniciHin was 35 per- 
cent lower in 2001 than m 1999 (4.1 cases per 100,000 vs. 6.3 per 100,000, P<0.001). 

CONCLUSIONS 

The Q se of the pneumococcal conjugate vaccine is preventing disease in young children, 
for whom the vaccine is indicated, and m^ be reducing the rate of disease in adults. The 
vaccine provides an effective new tool for reducing disease caused by drug-resistant 
strains. 
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IN EARLY 2000» A 7-VALliNT PROXElW- 
polysaccharide pneumococcal conjugate vac- 
cine (Prevnar, Wyeth Ledede Vaccina) was 
licensed for use in in&nts and young children in die 
United States, lliis was the firstvaccine that prom- 
ised efficacy against pneumococcal disease for this 
high-risk group. In the second half of 200O, recom- 
mendations for routine use of the vaccine in all in- 
fants and children under two years of age and in 
high-dsk children two throng four years of age 
were pubQshed,^ and distribution of the vaccine 
through public programs began. By August 2001, a 
shortage was repoited.^ 

Controlled dixiical trials have shovvrn dmtthe vac- 
cine, when given as a fbur-dose wgiraen to infants, 
is highly efficacious against invasive disease^ and 
somewhat efficacious against otids media'^*^ and 
paeumouia.^ Conjugate vaccines reduce nasopha- 
ryngeal carriage of vaccine-lype strains but often in^ 
crease die frequency of carriage of non-vacdne-Type 

st rains 

The efHcacy of the vacdne in in^ts given fewer 
than four doses or in older children is unknown. 
Because the vaccine does not uidude most of the 90 
pneumococcal serotypes, an increase in disease 
caused by seroQpes not included in the vaccine or 
nox related CO those in the vaccine is possible; this 
efl^ was seen during a dinical trial evaluadng its 
efficacy against otids media.^ Whether vaccina- 
don of young children will reduce carriage and 
subsequently affect disease in other age groups is 
unclear. To evaluate these questions, we examined 
data from the Acdve Bacterial Core Surveillance of 
the Centers for Disease Control and Prevention 
(CDC). 



METHODS 

The Active Bactedal Core Surveillance, which Is part 
of the Emerging Infections Program Netivork of 
the CDC, is an active, population-based, laboiatoiy^ 
based suiveillance system. Between Januaiy 1, 1996, 
and December 31, 2001, the Active Bactedal Core 
Surveillance continuously monitored invasive pneu- 
mococcal infections in Pordand, Oregon (three 
counties); San Frandsco County, California; Min- 
neapolis and Sl Paul, Minnesota (seven counties); 
the Baltimore metropolitan area in Maryland (six 
counties); the state of Connecdcul; and die Adan- 
ta, Georgia, metropolitan area (eight counties). In 
1998, the Adanta site was expanded to iudude 12 
additional counties, and surveillance began in Roch- 
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ester, New York (7 counties). The total population 
under surveillance in 2000 was 16.0 million per^ 
sons, including 433,591 children under tivo years 
of age and 652,551 cliildren ^m two through four 
years of age. 

A case of invasive pneumococcal disease was 
defined by die isolation of Streptococcus pneumoniae 
firom a sample of normally sterile body fluid taken 
from a surveillance-area resident To identify cases, 
surveillance personnel periodically contacted aU 
clinical microbiology laboratodes m theu: areas and 
conducted audits oflaboratoiy records at least every 
six mondis to ensure complete reporting. Data on 
patients were collected with the use of a standard- 
ized questionnaire diatelidied infbimation on dem- 
ographic features, clinical syndromes, and disease 
outcomes. Data on human immunodeddency virus 
(HIV) infection and the acquired Immunodeddency 
syndrome (AIDS) were collected in five Sites (all ex- 
cept Georgia and New York State). The addition of 
the New York site and the expansion of die Georgia 
site, both beginning in January 1998, were the only 
changes made to the Active Bactedal Core Surveil- 
lance between 1996 and 2001; no changes were 
made in methods of data coUecdon. 

Pneumococcal isolates were sent to reference 
laboratones fbr serotyping by the quellung reaction. 
Isolates from Minnesota vsreie tested at the Minne- 
sota Department of Health, and all others were test- 
ed at the CDC. Vacdne-type strains induded sero 
types 4, 6B, 9V. 14, 18C, 19P, and 23R We defined 
vaccine-rdated strains as pneumococci with sero- 
types wldiin the same semgroup as the vaccine types 
(6A, 9A, 9L, 9N, 18A, 18B, ISF, ISA, 19B, 19C 23A, 
and 23B). All odier serotypes were considered non- 
vacdne types. Serotypes in the 23-valent polysac- 
charide vacdne but not in the conjugate vaccine in- 
duded 1, 2. 3, 5, 7F, 8, lOA, llA, 12F, 15B, 20, 22F, 
and33E 

Susceptibility testing of isolates was performed 
writh the use of broth microdilution^^ at the CDC, 
the Minnesota Department of Health, or the Uru^ 
versily ofTexas Health Science Center at San Anto- 
nio. Isolates were defined as susceptible, of inter- 
mediate susceptibility, or resistant according to the 
2002 definitions of the National Committee for 
Clinical Laboratory Standards. Isolates with inter- 
mediate susceptibility and resistant isolates were 
classified as nonsuscepdble. Strains that were non- 
susceptible to three or more drug classes were con- 
sidered to be multiply resistant 

Annual cumulative inddence rates were calculate 
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for 1996 Chrough 1999 on the basis of popu- 
iation esrimates from the U.S. Ceasus Bureau for 
those years ; the rates for 2000 and 2001 were calcu- 
hted from 2000 Census data. To calculate serotype^ 
spedfic disease caces^ we assumed that the distdbu- 
tion of serotypes for cases with missing serotype 
data (11.7 percen t of cases) was the same as the dis- 
tribution for cases with serotype information avail- 
able. The same method was used to impute missing 
data on race (11.0 percent) and hospitalizatioD (0.2 
percent). To verify the results, the analyses of rates 
were repeated with only cases with complete data in- 
eluded. The rates are reported as cases per 100,000 
population. 

To assess changes in disease rates after the in- 
troduction of vaccination* we calculated the num- 
bers of cases and noncases in the surveillance pop- 
ulation, using Active Bacterial Core Surveillance 
data and U.S. Census figures. We then used the chi- 
squaie test or Fisher's exact test to compare the pro- 
portion of the population who had invasive disease 
in the years following the introduction of vaccina- 
tion (2000 or 2001) with a base-line rate (either the 
average rate for 1998 and 1999 combined or the rate 
for 1999 alone). We calculated Pearson's correia- 
don coefficients CO match the changes in disease 
rates among adults to those among children. Sta- 
tistical analyses were conducted with SAS, version 
8.0, and Epi Info, version 6.0»^ software. We calcu- 
lated 95 percentconfidence intervals, and two-sided 
P values that were less than 0.05 were considered to 
indicate statistical significance. 

RESULTS 

During the period from 1998 through 200Xy a total 
of 13^568 cases of invasive pneumococcal disease 
were identified; isolates were available for 11,992 
(88 percend. The rates of invasive disease in 1998, 
1999, 2000» and 2001 were 24.2« 24.4, 21.2, and 
17.3 cases per 1(X),000 persons, respectively. The 
average for the base-line period of 1998 and 1999 
was 24.3 per 100,000. 

CHILDREN UNDER FIVE YEARS OF ACE 

From 199S through 2001, 3285 cases of invasive 
pneumococcal disease were identified in children 
under five years of age. The rate declined by 59 per- 
cent (95 percent confidence interval, 54 to 63 per- 
cent}, from an average of96.4 cases per 100,000 in 
1998 and 1999 to 39-7 per 100,000 In 2001. Signif- 



icant declines in disease rates Occurred among chil- 
dren two years old or less (59.0 cases per 100,0(X) in 
2001, as compared with 188-0 per 100.000 in 1998 
and 1999) (Fig. 1). As compared with the base-line 
values for 1998 and 1999 combined, the mtes of dis- 
ease in 2000 were 17 percent lower among children 
under 12 months old (139.3 cases per 100,000 vs. 
168.1; 95 percent confidence interval, 5 to 28 per- 
cent) and 27 percentlower among children 12 to 23 
months old (15Z7 cases per 100,000 vs. 208.2; 95 
percent confidence inteival, 17 to 35 percent)? by 
2001, the disease races were 69 percent lower (52.3 
cases per 100,000 vs. 168.1; 95 percent confidence 
interval, 62 to 75 percent) and 63 percent lower 
(65.8 vs. 208.2; 95 percent confidence interval, 62 to 
74 percent), respectively, in these age groups (P< 
0.001 for all comparisons). In children 24 to 35 
months old, the late was 44 percent lower in 2001 
than ill 1998 and 1999 (35.6 cases per 100,000 vs. 
63.3; 95 percent confidence interval, 27 to 56 per- 
cent). For children who were three or four years of 
age, the rates m 2001 were not significantly differ- 
ent from the base-line values. 

Among children under two years of age, the 
magnitude of the decline from 1998 and 1999 to 
2001 was substantially larger for black children 




Figure 1. Rates of Invasira Prteumococcal Disease among Chifdren 
under Five Years Old, According to Age and Year. 

Data are from the Active Bacteria) Core Surveillance from 1996 through 2001. 
The X996 and 1997 rates do not Include data from New York State. Asterisk? 
indicate P<0i)51br comparisons of the rate in 2000 or 2001 with the combined 
rate for 1998 and 1999. 
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(from 437.6 cases per 100,000 to 119.6) than for 
white children (from 132.7 to 50-6), However, the 
percent changes were similar: a 73 percent decline 
among blacks (95 percentconfidence inteival, 66 to 
78 percent) and a 62 percent decline among whites 
(95 percent confidence interval, 55 to 68 percent). 
The percent change in the rate of disease requiring 
hospitalization (&om 56.8 cases per 100,000 Co 
21.2, a decline of 63 percent) among children on- 
der two years of age was not significandy diSerenc 
from the percent change in the rate of disease treat- 
ed without hospitalization (&om 132.7 to 38.1, a 
decfine of71 percent). Likewise, the percent change 
in Che rate of pneumococcal meningitis (from 10.3 
cases per 100,000 to 4.2, a decline of 59 percent) 
was similar to that for the rate of other syndromes 
{from 179.4 to 55.8, a decline of 69 percent). The 
percent change in the rate of disease was largest in 
Califr^mia, with a decline of 85 percent (95 percent 



confidence interval, 37 to 96 percent), andNewYork 
State, with a decline of 83 percent (95 percent con- 
fidence mcerval, 67 to 92 percent), and smallest in 
Oregon, with a decline of 38 percent (95 percent 
confidence interval, 2 to 61 percent) (Fig. 2) . 

For children under two years of age, the rate of 
disease due to vaccine serotypes declined by 78 per- 
cent overall; significant declines in disease were 
seen for all individual serotypes included in the vac- 
cine (Table 1). As compared with base line, the rate 
of disease due to vaccine-related strains as a group 
was 50 percent lower in 2001. The rate of disease 
due to nonvaccine serotypes was 27 percent higher 
in 2001, but tfois change wa9 not statisdcaliy signif- 
icant. 

PERSONS FIVE TEAKS OF ACE OR OLDER 

Disease rates also fell among persons for whom 
die vaccine is not recommended (Fig. 3). Although 
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Rgure 2. Percent Changes In the Rat^s of Invasive Pneumococcal DUwe, AooordTng to Age Group and the State 
in which the Active Bacterial Core SurvoiUanCB Sitd Wa5 LocitBd. 

The percent dedinc was calculated by comparing the incidence in 2001 With the average incidence in 1998 and 1999. 
Wrthin states, the dedine arnong children under 2 years old correlated sfg^nificantly with the decline amon^ persons 
20 to 39 years of age (r-0.89, P-.0.008), but not with the decline among persons 40 to 64 years of age ^--0.09, P»0.85)' 
or 65 years or older (rsOJe, PsO.42). 
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Tabid 1. Changes iit EstimalAd Rates of Invasive Pneumoeoecal Disease among Children under 1Wo Years of Age^ 
According to Yte and Serotype, from 1998 through 2001 * 



% Change in 
Estimated Rate 



Serotjrpe 


Average for 1998 and 1999 




2001 




PVblueJ 




No. of 
Cases 


Estimated Rabcf 
cases/100,000 


No. of 
Cases 


Estimated Rate-J- 
coses/100,000 






All vaccine serotypes 


563.5 


156.1 


124 


33,6 


-78 (-82 to -74) 


<0.00l 


4 


52 


14^ 


9 


2,4 


-83 C-91 to -67) 


<0.001 


6B 


75 


20.8 


27 


73 


-*5 (-76 to -45) 


<O.0OX 


9V 


31.5 


8.7 


12 


3.3 


-63 (-79 10-35) 


<0.001 


14 


228.5 


63.3 


39 


10.6 


^(-88 to ^77) 


<0.00l 




51J 


14.3 


12 


3.3 


-77 (-87 to -61) 


<0.001 




78.5 


21.8 


14 


3.8 


-83 (-90 to -72) 


-cO.OOl 


23F 


46.5 


12,9 


11 


3.0 


-77 (-87 to -59) 


<0.001 


All vacdne-rdated serotypes^ 


70.5 


19.6 


36 


9.8 


-50 (-^5 to -31) 


<0.001 


6A 


32 


8.9 


18 


4.9 


-45 (-66 to -12) 


0.02 


9A 


10.5 


2.9 


3 


0.8 


-72 (-89 to -U) 


0.04 ' 


19A 


20 


5.5 


12 


3.3 


-40 (-68 to +5) 


0.09 


All nonvacdne $eroiype$ 


44^ 


12.4 


58 


15.7 


+27(-6io+73) 


0.14 


1 


2-5 


0.7 


1 


0.3 


-57 (-86 to +169) 


. 0.43 


3 


2.5 


0.7 


4 


1.1 


+57 (-51 10*431) 


0.53 


5 


0 


0 


1 


0.3 


Not defined 


0.34 


7F 


5.5 


1.5 


6 


1.6 


+7 (-58 to +163) 


0.S9 


12F 


6.5 


1.8 


7 


1.9 


+6 (-56 to +145) 





^ The data are from the Active Bacterial Core Surveillance. 

tThe estimated rates were calculated on the assumption that the serotype distrfbution for cases with missing serotype 

dats (12 percent of all cases} was the same as the distribution For cases with serotype data available. 
4: CI denotes confidence interval. 

{ The P value was calculated by a chi-squarc test or Fisher's exact test that compared the estimated number of cases and 
noncascs (the total surveillance population minus the number of estimated cases) in 2001 with the same figures for 
1998 and 1999 combined. The estimated number of cases and totals were calculated on the assumption that the sero- 
type distribution for cases with missing serotype data was the same as the distribution for cases with serotype data avail- 
able. Repeated analysis with only cases with known serotypes included rather than the estimated number of cases did 
not change the results. 

il Types 6A. 9A, 9L, 9N, ISA. ISS, 18F. 19A, 19B, 19^ 23A, and 23 B are included. 



no significant chdnge was observed among peiwns 
5 through 19 years of age, the rate of disease 
among persons 20 through 39 years of age was 21 
percent lower in 2000 than at base line in 1998 and 
1999 (8.9 cases per 100,000 vs. 11,2; 95 percent 
confidence interval, 11 to 29 percent) and 32 per- 
cent lower in 2001 (7.6 vs. 11.2; 95 percent confi- 
dence Interval^ 23 to 39 percent; P<0.00U. The rates 
were significandy lower both for disease caused by 



vaccine serotypes and for disease caused by nonvac- 
cine serotypes, although the decline was larger for 
the fbrtner (Table 2). Significant dedmes were not- 
ed in disease caused by some individual serotypes 
included in the vaccine, particularly 4, 9V, 14, and 
19F. Within Surveillance sites, the size of tlie de- 
cline among persons 20 to 59 years of age corre- 
lated with the size of the decline among children 
under2yearsold(r=0^9, P=0-008) (Fig. 2). In sites 
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Rgure 3. Rates of Inv9»»ve Pneumococcal Disease among Persons at Least 
Five Years Old, According to A^e Crpup and Y^an 

Data are from the Artive Bacterial Core Suiveilla nee from 1996 through 2001. 
the 1996 and 1997 rate&do noc include data from New York State. Asterisk? 
rddicate P<0.05 (br comparisDn^ of the rate in 2000 or 2001 with the ccmbrned 
rate Ibr 1998 and 1999. 



where Information on HIV infection and AIDS was 
recorded, the number of cases in persons without 
known HIV infection or AIDS dropped by 38 per- 
cent, from 270.5 in 1998 and 1999 to 168.0 in 
2001; there was no significant cliange in die num- 
ber of cases in persons witli HIV or AIDS (an aver- 
age of 81 cases in 1S)9S and 1999 and 82 cases in 
2001). 

Among persons 40 to 64 years of age, tiie overall 
rate of disease was 8 percent lower in 2001 than in 
1998 and 1999 (19,7 cases per 100,000 vs. 21.5; 
95 percent confidence Interval, 1 to 15 percent^ 
P=0.03) (Fig. 3). The change in the overall rate of 
disease in this age group was primarily due to a de- 
cline In the rate of disease caused by serotypes in- 
cluded in the vaccine ffable 2), Among the indi- 
vidual sero^es included in the vaccine, only the 
change in the rate of disease due to sero^e 14 was 
statistically significant. 

Among persons 65years of age or older, the rats 
of disease was 18 percent lower in 2001 than at 
base line C49.5 cases per 100,000 vs. 60.1; 95 per- 
cent confidence interval, 11 to 24 percent; P<0.001) 
(Pig. 3). The rates were lower for disease caused by 



vacdnc seio^^ and vacdne-ielated serotypes; sig- 
nificant declines were seen for disease caused by 
vaccine serotypes 4, 9V, 14, and 23F (Table 2). The 
rate of disease caused by serotypes included in the 
23-vaIent polysaccharide vaccine and not in the con- 
jugate vaccine was the same in 2001 as in 1998 and 
1999 (11.9 cases per 100,000). 

Among Donvacciae serotypes, the rate of sero- 
type 1 disease was lower in some adult age groups 
in 2001 than in 1998 and 1999: for those between 

40 and 64 years old, the rate declined from 0.5 to 
0.1 case per 100,000 (P<0.001), and for those 65 
years of age or older, the rate declined from 0.7 m 
03 (P=0.05). The rate of serotype 5 disease was 
higher in 2001 than in 1998 and 1999 among per- 
sons 20 to 3 9 years old and those 40 to 64 years old, 
but this change was attributable U> an increase in 
the number of cases caused by serotype 5 in one 
surveillance site (California), which had 1 isolate in 
1998 and 1999 and 14 isolates m 2001. 

DRUG-RESISTANT INVASIVE OlSEASC 

The proportion of isolates that were not suscep- 
tible to penidlhn decreased slightly betmneen 1999 
(361 of 3355, 26 percent) and 2001 (589 of 2495, 
24 percent P=0,08). In 1999, 11 percenter ^solates 
were of intermediate susceptibility to penicillin and 
15 percent were resistant; in 2001» 10 percent were 
of intermediate susceptibility and 14 percent were 
resistant. Between 1999 and 2001, the change in 
the rate of disease caused by strains that were not 
susceptible to penicillin (from 6.3 to 4.1, a decline 
of 35 percent; 95 percent confidence interval, 28 to 

41 percent; P<0.001) did not diflfer sxgnificandy 
firom the change in the rate of disease caused by 
peniciUin'Susceprible strains (from 18.1 to 13.1« a 
decline of 28 percent; 95 percent confidence inter' 
vaU 23 to 31 percent). 

Among children under two years of age, ±e pro- 
portion of isolates not susceptible to penicillin was 
38 percent in 1999 (258 of 684) and 35 percent in 
2001 (77 of 218) (P=0.58); the ral3B of disease 
caused by penidUin-nonsuscepdble and penicillin- 
susceptible strains fell by 70 percent (from 70.0 to 
20.9; 95 percent confidence interval^ 62 to 77 per-^ 
cent) and 67 percent (from 115.5 to 38.5; 95 
percent confidence interval, 60 to 72 percent), re- 
spectively. The rate of disease due to penicillin- 
nonsusceptible strains also declined signifrcandy 
among persons 65 years of age or older (from 16.7 
to 12.6, a decline of 25 percent; 95 percent eon- 



174-3 



N ENCl J MED 348;i8 www.nejm.orc may i, aoo) 



Downloaded from www.nejm.org at Sanoli-Synthelabo on June 12. 2006 . 



PAGE 8f30'RCVDAT 6(12120087:57:01 PM (Eastern Daylight Tlme]'SVR:USPTO^ 



06/12/08 19:10 FAl 570 895 2702 



AVENTIS KNERR 



@)009/030 



DECLINE IM INVASIVE PNEUMOCOCCAL DISEASE 



fidcncc interval, 9 to 36 percent). The percent 
changes in the rate of disease caused by etythroiiiy- 
dn-resiscant and multidrag-resiscant strains were 
similar to those m the rate of disease caused by 
penicillm-resistajit stxains. 



DISCUSSION 

The use of the pneuxnococcal conjugate vaccine 
has reduced the burdea of invasive disease in young 
children, for whom the vaccine is Indicated, and 
may be preventing disease in adults. In 2001, the 
race of invasive disease among childr^ under two 
years of age was 69 percent lower than in 1998 and 
1999. Declines in disease rates also were evident 
among adults (a decline of 32 percent for those 20 
to 39 years old» 8 percent for those 40 to 64 years 
old, and 18 percent for those 65 years old or older). 
Our data confirm that the change in disease rates 
reported among children who were members of 
Northern California Kaiser Pennanente^' is occur- 
ring in the United States as a whole and suggest 
that unvaccinated adults are beneficing &om the 
use of Che vaccine in children. In addition, the vac- 
cine is preventing a substantial proportion of the 
disease caused by drag-resistant strains and is pro- 
viding some protection against disease caused by 
vaccine-related serotypes, as was seen in a clinical 
trial evaluating its efficacy against otitis medla.^ 

Although the largest drop in disease rates oc- 
curred among children under two years of age, a 
significant dedine also occurred among two-year- 
olds (43.8 percent). No significant change was seen 
among older children, lliese findings are consis- 
tent With recommendations for the use of vac- 
cine^'^ and reported patterns of vaccine use^; data 
on vaccine coverage are not yet available. The man- 
ufacturer sold 9 million doses in 2000 and 15.5 
million doses in 2001; less than 10 percent of pri- 
vate-sector sales were for children two years old or 
more CParadlso P» Wyeth Lederle Vacdnes: person- 
al communication). Approximately 4 million chil- 
dren are bom in the United States annually; there- 
fore:, 32 million doses would have been required to 
provide the 4-dose in&nt series for children bom 
in 2000 and 2001, and millions more would have 
been needed for catch-up vaccination of children 
under two years of age and those from two through 
four years of age who had conditions that put them 
at high risk for pneumococcal infection. Although 
they are estimates, these figures suggest that chang- 



es in disease rates are occurring even though chil- 
dren are not fully vaccinated; the vacdne may pro- 
vide protection with less than the fiill number of 
recommended doses and through decreased tzans- 
mission of pneumococci between children* 

The zedttcdon in disease burden seen among 
aduhs is noteworthy. Altiiough young children have 
the highest risk of invasive disease, most cases of 
pneumococcal disease and nearly all deaths from 
pneumococcal disease occur in adults.^^ Much of 
the change we observed in adults may be due to de- 
creased transmission of pneumococci from chil- 
dren. Children are a reservoir for pneumococci; 
contact with young children in the household is a 
risk &ctOr for invasive disease in adulcs,^*^*^^ and 
the frequency of nasopharyngeal cazziage is high- 
er in adults with young children than in other 
adults, Conjugate vacdnes have been shovm to 
reduce the carriage of vaccine-type strains in vacci- 
nated children,^'^ thus reducing opportunities for 
transmission. 

Multidnig-resistant pneiimococci are a worlds 
wide problem. In response, programs have been 
developed to reduce antimicrobial use.^°'^ Our 
data indicate that conjugate vaccine is another efiec- 
dve tool for preventmg infections caused by drug- 
resistant strains; 35 percent fewer infections due to 
penidllin-nonsusceptible strains occurred in 2001 
than in 1999. Resistance is closely linked to pneu- 
mococcal serotype; in 1998, three fourths of peni' 
cillin-nonsusceptible pneumococci were of sero- 
types that were included in the vacdne, although 
pneuDiococci of common serotypes that were in- 
duded in the vaccine, such as 4 and ISO, were rare- 
ly drug-resistant" Because the vacdne prevented 
a simi lar amount of disease caused by penicillin- 
susceptible and penldUin-nonsusceptible strains, 
the proportion of pneumococd with decreased sus- 
ceptibility to penicillin did not change substantially. 

We cannot determine to what extent the ob- 
served changes are due bo the introduction of vacd- 
nation or to other factors. Certain findings , such as 
the significanr dedmelnnon-vaccine-iype disease 
in adults 20 to 39 years of age, suggest that secular 
trends may explain some of the observations. How- 
ever, we found no change in the rate of disease 
caused by pneumococd with serotypes unique to 
the polysacchande vaccine or in the number of cas- 
es in persons with HiV infection, results suggesc- 
ing that the. increasing use of polysaccharide vac- 
dne and highly active antiretroviral therapy does 
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Tabfe 2. Changes in Estimatecl Rates of Invasive Pneumocpocal Disease 
2nd Sdfotypfi, froiti 1998 thr«ii^ 2001.^ 


among Aduks, According to Ago Croup, Yearr 


Age and Serotype 


Average fbr 1998 and 1999 




2001 


Estimated Rate 
(9556 Cl)J 


P 

Vahieg 




No. of 
Cases 


Estimated Ratef 
coscs/JOO^OOO 


No. of 
Cases 


Estimated Ratei* 
cases/lOOkOOO 






20^9 Yr 














All vaccine serotypes 


283.5 


6.60 


176 


3.97 


-40 (-49 ta -29) 


<0.00l 


4 


86.S 


2.00 


50 


1.13 


^4 (-58 to -23) 


<0.001 


6B 


19 


0.44 


18 


Ol41 


-8(-4«tD456) 


0.74 


9V 


51.3 


1.19 


27 


0.61 


—49 (-66 to —24) 


O.OOl 


14 


62 


1.43 


38 


0.86 


-40 (-58 to -16) 


0.003 


18C 


19 


0.44 


• 12 


0.27 


-39 f-68 to +11) 


0.13 


19 F 


18.5 


0.43 


9 


0.20 


-53 f-76to— 4) 


6.05 


23F 


29 


0.67 


22 


0.50 


-25 (-54 to +17) 


0.23 


All vdccine-rclated serotypes^ 


60 


L39 


* 48 


1.08 


_22 (-44 to +7) 


0.14 


All nonvaccinc serotypes 
40-64 

All vaccine serotypes 


138.5 


3.21 


114 


2.57 


-20 (-35 to -1) 


0.04 


481-5 


11^8 


431 


9.95 


-*14 (-23 Co -A) 


0.006 


4 


113.5 


2.73 


118 


2.72 


-1 (-19 to +23) 


0.99 


6fi 


54 


L30 


44 


1.02 


-22 (-44tG-f-9) 


0.17 


9V 


7A3 


1-79 


64 


1.48 


-17 (-38 to +8) 


0.18 


14 


108.5 


2.61 


76 


1.75 


-33 (-48 to -14) 


0.002 


ISC 


28-5 


0.69 


40 


0.92 


+31 (-8 to +97) 


0.16 


IBf 


38 


0.91 


32 


0.74 


-19 (-45 to +19) 


0.32 


23 F 


64J 


1J5 


57 


1.32 


-15 (-36 to +15) 


0.29 


All vaccine-related serotypes^ 


103J 


2.49 


103 


2.36 


-4 (-23 CO +20) 


0.74 


All nonvaccinc sercstypes 


310 


7.46 


321 


7.41 


-I (-13 to +13) 


0.93 



not explain our findings. ITie percent change in the children has been met» and we are clg^er to the goal 

rate ofdisease among children was siitiikr for hos' foradulcs. More dataarealso needed to derccmine 

pitalized patients and outpatients and for pneu^ hovir &r disease lates vyrill &11 a$ vaccine coverage 

mococcal meningitis and other syndromes, sug- increases and to assess the effect of the vaccine 

gesting that changes in culturing practices did not on pneumonia and other noninvasive syndromes, 

explain the obsen^ed decline. Whether vaccide use will sJpw the emergence of 

Preventing pneumococcal disease is a priority for resistant pneumococd and whether disease due to 

the United Scaties. The Healthy People 2010 objec- pneumooocd with nonvaccine serotypes vtdll be^ 

tivcs include decreasing the Incidence of invasive come more common are questions rhac do not yet 

pneumococcal infections to 46 cases per 100,000 have definitive answers. Aldiough questions remain, 

persons under 5 years of age and to 42 per 100,000 oar data indicate chat the pneumococcal conjugate 

persons 65 years of age or older.^^ xhe target for vaccine is working well in the U.S. populadon. 
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l^blfi 2. (Goittinued.) 


Age and Seretypo 


Aaten^ior 1998 and 1999 




20Q1 


% Change in 
<95HCI)4: 


p 

Value; 




No. of 
Cases 


Estimated RateV 


No. of 
Cases 


Estimated Ratc^ 
cas£s/l(X>,<M 




















All vacdne serotypes 




33.43 


374 


23.91 


-29 to -20) 


<:0.001 


4 


76.5 


5.00 


58 


371 


-26 (-44 to -1) 


0.05 




G6 


4.31 


57 


3.64 


-16 f-37 to+13^ 


0.28 


9V 




sic 


51 


3.26 


^36 (-52 to -13) 


0.005 


14 


X44 


9.41 


94 


6.01 


-36 (-4810-20) 


<0.C01 


18C 


27 


1,76 


19 




-31 (-58 to +12) 


ai7 


19F 




2_25 


34 


2.17 


(-34 to +43) 


a95 


23F 


£6 


5.62 


61 


3.90 


-31 (-47 to -9) 


aoi 


All vacdne-relqted s^rptyp^l 


125.5 




X02 


6.52 


-22 (-38 to -4) 


aQ2 


All nonvaccine serotypes 


27& 


18.18 


298 


19.05 


-i'5(-«to-t>20) 


0.52 



^The data are ftom the Active Bacterial Core Surveillance. 
The estimated rates were calculated on the asSuinption that the serotype distribution for cases with missing serotype 
data (12 percent of all cases) was the same as the distribution for cases with serotype data available. 

X CI denotes confidence interval. 

i The P value was calculated by a chi-square test or Fisher's exact test khat compared the estimated number of cases and 
noncascS (the total surveillance population minus the number of estimated cases) in 2001 with the same figures for 
1998 and 1999 combined. The estimated number of cases was calculated on the assumption di3t the serotype distribu- 
tion for cases with missing serotype data was the same as the distribution for cases with serotype data available. Repeat- 
ed analysis with only cases with known serotypes included rather dian the estimated n urn ber of cases did not change the 
results. 

^Types 6A. 9A. 9U 9N, 18A, 18B, 18F, 19A, 19B. 19C. 23A, and 23B are induded. 
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